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The skin preparatory and reacting (i.e.  intravenous) factors of the 
phenomenon of local skin reactivity to bacterial filtrates can be spe- 
cifically neutralized by immune sera.  The neutralization is  accom- 
plished by mixing in  vitro  the immune serum with  the toxic filtrate 
(1-5).  The object of the work reported in  this paper was to deter- 
mine whether it is possible to elicit passive immunity to the reacting 
factors. 
EXPERIM-~.NTAL 
The B.  typhosus  toxic filtrates and antityphoid sera employed for 
this  work were prepared  according to  the  methods previously  de- 
scribed (3,  6).  Shortly before experiments were begun the  reacting 
potency of the filtrates and the antireacting potency of the sera were 
determined (5).  The titers are indicated in Table II. 
In order to study the passive immunity to reacting factors the fol- 
lowing  was  done: 
The skin of rabbits was prepared by a single injection with 0.25  cc. 
of  the  toxic filtrate.  After various  intervals  of  time  the prepared 
rabbits  received an  intravenous  injection  of  serum followed by  an 
intravenous injection of the toxic filtrate.  The  toxic filtrate was in- 
jected 24 hours after the skin injection of the filtrate.  The interval 
of time chosen between the intravenous injection of the serum and the 
following intravenous injection of the filtrate varied, but in most ex- 
periments it was ½ hour, in some experiments 1½ and 2½ hours. 
* Read before the joint session of the American Association of Pathologists, 
Bacteriologists and Immunologists, Cleveland, April 2, 1931. 
1 LOCAL  SKIN  REACTIVITY 
The results as summarized in Tables I, II, III and IV are as follows: 
As is seen from Table I  (Groups 2 and 3) only 16.6 per cent of rab- 
bits passively protected by immune serum gave reactions and 90 per 
cent of non-protected rabbits (Group 1) showed reactions with a react- 
ing  dose  even  smaller  than  the  one  employed in  the  experimental 
group  (dilution  1:10  in  the  control group  and  dilution  1:8  in  the 
experimental group).  Thus,  it  becomes at  once evident  that  it  is 
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possible to elicit passive immunity to B. typhosus reacting factors  of 
the phenomenon of local skin reactivity. 
Experiments on titration of protective potency of immune  serum 
against  B.  typhosus reacting factors  are  reported  in  Table  II.  In 
these experiments antityphoid horse serum was injected intravenously 
into prepared rabbits ½ hour prior to the intravenous injection of B. 
typhosus filtrate.  Rabbits  protected  with  various  amounts  of  the GREGORY  Stt'WARTZMAN  3 
serum were tested against various numbers of toxic units.  The largest 
number of toxic units giving no reaction in all rabbits tested was used 
to compute the in vivo potency of a given amount of serum.  Thus, if 
2 cc. of a certain serum injected intravenously, per kilo of body weight, 
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protected all rabbits tested against 80 units of filtrate and only some 
rabbits against 120 units, the protection titer of this amount of serum 
must be between these two figures or 100.  Since the in vitro neutral- 
izing titer of the sera was also determined, it was possible to derive the 
ratio between in vitro and in vivo neutralizations.  The following con- 
clusions can be drawn from the experiments recorded in Table II: 4  LOCAL  SKIN  REACTIVITY 
In Group 4:1  cc. of I x 4 dilution  capable of  neutralizing  in vitro 
125 reacting units failed to give neutralization of as few as 15 units in 
vivo.  The lack of neutralization  can be attributed  to a  loss of anti- 
bodies in the general circulation.  It is impossible to state whether the 
loss was partial or complete since rabbits protected with this amount 
of serum were not tested with a smaller number of reacting units.  As 
the  amount  of  serum  injected  was  increased  it  became  possible  to 
demonstrate  in  vivo  neutralization,  decidedly  less,  however,  than 
would have been obtained in  direct in vitro  neutralization.  Thus,  2 
cc. of serum injected per kilo neutralized  100 reacting units, that is, it 
was necessary to  use ten  times  the  number  of neutralizing  units  as 
compared to in vitro neutralization with the same serum. 
The experiments recorded in Table II also clearly demonstrated in 
vivo neutralization of reacting factors in multiple proportions.  Thus, 
250 units of serum protected against 25 reacting units; 4 x 250 serum 
units protected against 4 x 25 reacting units; 8 x 250 serum units pro- 
tected  against  7.2  x  25  reacting  units.*  However,  12  x  250 serum 
units protected against 24 x 25 reacting units and 18 x 250 serum units 
protected against 40 x 25 reacting units.  As is seen from these figures 
the protection took place in direct multiple  proportions  until  after  a 
certain  increase in  the  amount  of serum injected,  when  there was a 
twofold and  more  than  twofold gain  in  the  protective value of the 
serum  injected.  In  the  interpretation  of  these  facts  of  which  the 
mechanism  may be quite complex,  there  should be borne in mind  a 
possible change in the rate of retention (i.e. lower elimination)  of anti- 
bodies in the general circulation following the increase in the volume of 
serum injected.  This  explanation  suggests itself at the present  mo- 
ment as the simplest one, but it remains to be proven. 
The next point of interest was to determine the specificity of serum 
protection  in  vivo  against  B.  typhosus  reacting  factors.  In  these 
experiments antimeningococcus immune horse serum of high neutral- 
izing potency for meningococcus reacting factors and a  normal horse 
serum were used.  In view of the fact that B. typhosus antibodies are 
encountered in normal and heterologous immune  horse  sera  (2),  the 
* This type of in vivo protection in multiple proportions is similar to in vitro 
neutralizations  in multiple  proportions of reacting factors.  This  question will 
receive special consideration in a separate report. GREGORY  SIIWARTZMAN 
sera were also tested for agglutinins, precipitins and neutralizing anti- 
bodies.  As  is  seen  from  the  experiments  recorded  in  Table  III, 
antimeningococcus and normal horse sera in a dose of 4 cc. per kilo of 
body weight failed to protect against 40 reacting units, while the same 
TABLE  III 
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dose  of  antityphoid  horse  serum  (Table  II)  completely  protected 
against  180 reacting units.  The normal  and  heterologous sera  em- 
ployed contained antityphoid antibodies, the  concentration of which, 
however, in 4 cc. (i.e. 320 and 240 units, respectively) was insufficient 
to neutralize in vivo 40 reacting  units, since, as described above, it is 6  LOCAL  SKINREACTMTY 
necessary  to have  for this  volume  of  serum  eleven  times  more  anti- 
bodies for in vivo than for in vitro neutralization.  In Group 22, 7 cc. of 
antlmeningococcus  horse  serum protected  against  40  B.  typhosus  re- 
acting units.  It is clear that this protection could be easily attributed 
to the presence of antityphoid  ~aormal  antibodies,  since in 7  cc. there 
were present 420 neutralizing units, or more than ten times the amount 
required for in vitro neutralization.  From these results it can be safely 
concluded  that  passive  immunity  to  B.  typhosus  reacting  factors  is 
specific and depends on the concentration  of homologous  normal and 
immune antityphoid  neutralizing antibodies. 
TABLE  IV 
Protection  of Rabbits after Injection of Reacting Factors 
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It is also noteworthy that there may be observed a "prozone" effect 
of large amounts of serum.  This  is  illustrated by the  example of 
Group 7,  Table II.  The "prozone" effect in in vitro  neutralization 
experiments was previously reported (4). 
It was also attempted to determine the duration of passive immunity 
to B. typhosus reacting factors.  The experiments demonstrated that 
the immunity established itself immediately after the intravenous in- 
jection of immune serum.  From some experiments it appeared that 
half an hour after the serum injection the protection was more effec- 
tive.  No definite conclusions  could be  drawn, however, from these 
experiments since  the  "prozone" effect of serum pointed out above GREGORY  SHWARTZMAN 
could be a source of error.  Indeed, under the given conditions, it was. 
possible that during the half hour interval a part of the antibody was 
eliminated and thus the "prozone" effect was avoided. 
Two  experiments were carried  out  in  which the  interval of  time 
allowed between serum and filtrate intravenous injections was 1½ and 
2½ hours, respectively.  Each of the rabbits received 3000 neutralizing 
units and  100 reacting units.  The protection was complete in both 
groups.  Longer intervals of time were not studied. 
It was of considerable interest to determine whether the occurrence 
of the skin reaction could be prevented by serum injection if it followed 
the injection of the filtrate.  Table IV represents the results obtained. 
As is seen from this table, it is possible to prevent the occurrence of the 
reaction by an intravenous injection of serum following the injection 
of reacting factors, provided the serum dose is very large and provided 
the injection of serum is made immediately after the filtrate injection. 
The skin reaction cannot be prevented if the immune serum is injec- 
ted 20 minutes or longer after the injection of reacting factors.  The 
results are most likely due to fixation of the reacting factors in  the 
prepared tissue area shortly after their introduction into the general 
circulation.  As a  matter of fact, this can be expected, since even 1 
hour after the intravenous injection of the toxic filtrate one can see a 
blue discoloration at the prepared skin sites, although it takes from 4 
to 5 hours for the full development of hemorrhagic necrosis. 
The results recorded in this paper also demonstrate passive serum 
protection against the lethal effect of B. typ~sus culture filtrates in a 
ratio  suggestive of multiple proportions.  The  protection is  certain 
since control experiments (i.e.  non-recorded titrations of potency of 
filtrates) showed consistently a high rate of mortality.  It was already 
shown before that in vitro addition of immune serum to B. typlwsus 
and other culture filtrates inhibited specifically their lethal effect (3). 
DISCUSSION 
In previous communications it was shown that the serum neutrali- 
zation of reacting factors of the phenomenon of local skin reactivity is 
very similar to true toxin and antitoxin reactions.  The neutralization 
is specific and follows the law of multiple proportions.  The process 
of immunization stimulates formation of neutralizing antibodies, the 8  LOCAL  SKIN REACTMTY 
concentrations of which can be brought to high levels.  Thus, in some 
horses, the serum containing norma]ly from 10 to 20 neutralizing units 
showed from 175  to 200  units after 4  to  7 months of immunization. 
In other experiments, there was obtained by chemical means 28 to 80 
times the concentration of these antibodies per 1 rag. of nitrogen (7). 
When mixtures of filtrate and immune serum are made in vitro in 
order to carry out neutralization of reacting factors, there frequently 
forms an abundant precipitate.  The precipitation may suggest that 
there is no actual neutralization of the toxic principle but a mere ab- 
sorption of this principle by the precipitate.  The experiments reported 
in  the  present  paper,  namely,  in  vivo  neutralization  of  reacting 
factors in multiple proportions  by means of immune serum, are con- 
sidered as further evidence of the fact that the above discussed neutral- 
izations are in the nature of toxin and antitoxin reactions. 
The data presented thus far indicate clearly that a  toxic, antigenic 
and neutra]izable principle in bacterial filtrates is implicated in  the 
phenomenon under  discussion.  The  relationship of the principle to 
lethal factors present in the same filtrates remains to be determined. 
As described already, filtrates of agar culture washings prepared under 
conditions which wou]d seem to allow of very little cell autolysis yield 
both  powerful phenomenon-producing substances  as  well  as  highly 
lethal factors, the potencies of both being parallel to each other (8). 
Although rabbits show variations in susceptibility to the lethal effect 
of these filtrates, nevertheless the work carried out thus far on a very 
large number of animals brings unquestionable evidence that the lethal 
effect can be specifically abolished by immune serum.  This observa- 
tion  was  reported before in  connection with  in  vitro  neutralization 
experiments and is also definitely supported by the results recorded in 
this  paper from which it  is  seen  that  the serum protection against 
mortality follows roughly the law of multiple proportions.  It appears, 
therefore, suggestive that there are present in the filtrates prepared in 
the above described manner serum neutralizable lethal factors, which 
are associated with the phenomenon-producing factors.  There is no 
experimental proof as to the identity of these factors. 
The results on the neutralizability of bacterial lethal factors here 
recorded may appear  to  contradict the general belief that with  the 
exception of  a  few  true  toxin  producers,  lethal  factors produced by GREGORY  S1{WARTZMAN 
the majority of microorganisms are only non-antigenic and non-neu- 
tralizable  bacterial  split  products.  For  this  reason  the following 
points are of considerable significance in the evaluation of the results 
reported here: 
1.  A strain of B. typhosus  (TL) producing reacting factors of high 
antigenicity and neutralizability (5) was selected for this work. 
2.  Since the mode of preparation of the filtrates employed ("agar 
washings" filtrates)  permits only insignificant cell autolysis,  the re- 
suits recorded here do not concern the lethal effect of bacterial split 
products. 
3.  It was shown by Ferry (9) and by Mishulow, Mowry and Scott 
(10)  that  the  "agar  washings"  filtrates  just mentioned are  of high 
antigenicity. 
4.  Sera employed were of high neutralizing potency, as determined 
by the phenomenon of local skin reactivity. 
CONCLUSIONS  AND  SUM~ARY 
It has proved possible to elicit passive immunity to B. typhosus  re- 
acting factors by means of normal and immune homologous neutral- 
izing antibodies.  The in vivo serum protection against these factors 
followed the law of multiple proportions. 
There was observed a considerable loss of antibodies from the blood 
stream. 
Passive immunity was best obtained when the immune serum was 
injected intravenously ½ hour before the intravenous injection of the 
reacting factors. 
It was possible to prevent the occurrence of the local skin reaction 
by an intravenous injection of serum after the intravenous injection 
of the reacting factors, provided the serum dose was very large and 
provided the serum injection was made immediately after the filtrate 
injection. 
A number of experiments clearly demonstrated the interesting fact 
that the greater the amount of antiserum injected intravenously, the 
more efficient was  the  in  vivo neutralization,  in  a  ratio  distinctly 
greater than the quantitative increase of serum.  It is suggested that 
there may  be  a  practical  value  of  the  observation in  relation  to 
serum therapy. I0  LOCAL SKIN REACTMTY 
The results also demonstrated passive serum protection against the 
lethal effect of B. typhosus "agar washings" filtrates, in a ratio which 
seemed to suggest the law of multiple proportions. 
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